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Introduction
Cancer patients have increased thrombotic risk because of the presence of malignancy itself and secondary to chemotherapy. For these reasons, the prevalence of venous thromboembolism (VTE) increases with disease status and is reported to be 4-7 times higher in cancer patients than in those without cancer [1, 2] . Over the past several years, increasing incidence of unsuspected or incidentally detected pulmonary thromboembolism (PE) has been reported in cancer patients [3] . This is not only because cancer patients frequently undergo serial computed tomography (CT) to assess treatment response and recurrent disease, but also due to improved imaging technologies. Especially, the introduction of multi-row detector CT scanners has allowed detection of small emboli in the distal pulmonary arteries. The prolonged survival introduced by the evolution of anti-cancer therapy has also posed new challenges regarding treatment of incidental PE (IPE). Notably, VTE is known to be second leading cause of death in cancer patients [4] . Therefore, establishing indication and regimen for treatment of VTE including PE is an important issue in cancer patients.
Recent guidelines for management of PE uniformly recommend that patients with active cancer should be treated for IPE regardless of its location and extent, but these recommendations are mostly based on the expert opinion rather than robust data from the randomized trials [5] [6] [7] . Due to the lack of clearly established guideline, the decision to treat IPE mainly depends on individual preference of physicians, especially in cases of distally located IPE. Furthermore, concerns regarding the bleeding risk and the potential for anticoagulants to interact with anti-cancer drugs make physicians to be more reluctant to treatment of PE. Real-world retrospective data showed that the actual anticoagulation rate of IPE in cancer patients was less than 50%, reflecting this confusing practice [8] . In this study, we aim to evaluate the clinical manifestations of IPE in cancer patients and to compare the clinical prognosis according to anticoagulation therapy.
Materials and methods

Study population and design
The study cohort consisted of consecutive patients diagnosed with PE in a tertiary referred center between October 2010 and December 2013. Among 1,164 patients diagnosed with PE, those referred from other hospital (n = 58), diagnosed with PE by abdomen CT scan that partially covered pulmonary arteries (n = 55), with filling defect in pulmonary artery stump site after lung cancer surgery (n = 21), who were lost to follow-up (n = 20), or who were found to have tumor emboli (n = 19) were excluded (Fig 1) . Patients were confirmed to have cancerrelated PE when they had recurrent or progressive cancer or any malignancy that required curative or palliative treatment at the time of PE detection. Both solid and hematologic malignancies were eligible. Symptomatic PE was defined as PE detected on CT scan that was ordered because of symptoms suggestive of PE. IPE is defined as a pulmonary embolism detected on CT scan performed without suspicion of PE. Clinical, laboratory, imaging findings and information regarding underlying cancer status were collected. The local Institutional Review Board of Samsung Medical Center approved this study and waived the requirement for written informed consent.
On chest CT imaging, PE was defined as the existence of contrast filling defects in one or more branches of the pulmonary artery. Location of PE and associated lung infarction were assessed. Proximal PE was defined as PE involving main or lobar level of pulmonary arteries. Distal PE was defined as PE involving segmental or subsegmental level of pulmonary arteries. Lower extremity deep vein thrombosis (DVT) was diagnosed using Doppler ultrasonography or indirect CT venography. Proximal DVT was defined as DVT occurring in the popliteal vein and above. Presence of right ventricular (RV) dysfunction was assessed using two-dimensional echocardiography.
Clinical outcomes and definitions
We analyzed all-cause mortality and recurrent VTE events among cancer patients with PE. Clinically significant major and minor bleeding events during anticoagulation were also assessed. Major bleeding was defined according to the International Society on Thrombosis and Hemostasis criteria as fatal bleeding or clinically overt bleeding with a decrease in hemoglobin level of at least 2 g/dL or transfusion of at least 2 units of packed red blood cells occurring at a critical site (intracranial, intraspinal, intraocular, retroperitoneal, pericardial, intraarticular, and intramuscular with compartment syndrome) [9] . All non-major bleeding was considered minor bleeding. 
Statistical analyses
Baseline characteristics were summarized with continuous variables and expressed as mean ± standard deviation or median with interquartile range. Categorical data were presented as a percentage and the number of events. Continuous variables were analyzed using an independent t-test or Wilcoxon rank sum test, and categorical variables were analyzed using a chi-square test or Fisher's exact test. Multivariate model with backward elimination was performed to identify independent factors which associated with PE prognosis. Factors included in the multivariate analysis were treatment with anticoagulation, initial vital sign, location of PE, presence of PE-related symptoms and baseline cancer status such as metastasis, progressive disease and chemotherapy.
Kaplan-Meier survival analysis was used to compare survival between groups. All tests were two-sided, and a P value < 0.05 was considered significant. All statistical analysis was performed using R Statistical Software (version 3.3.1; R Foundation for Statistical Computing, Vienna, Austria).
Results
Among 703 patients who were confirmed to have cancer-related PE, 474 patients were classified as IPE group. Lung cancer (44.8%) was the most prevalent malignancy, followed by colon cancer (8.7%), gynecological malignancy (7.3%), and lymphoma (5.8%). Most patients had advanced stage cancer with distant metastasis (68.4%). There was no significant difference in the baseline characteristics between the patients with symptomatic and incidentally detected PE ( Table 1) . Duration of active malignancy did not differ between the two groups. At the time of diagnosis of PE, response to anti-cancer therapy was better in the IPE group (54.2% vs. 28.4%, p<0.001) even though the IPE group was more likely to have distant metastasis than the symptomatic PE group (71.7% vs. 61.6%, p = 0.009). The proportion of patients currently on chemotherapy was higher in the IPE group (65.8% vs. 45.9%, p<0.001). Table 2 shows the initial clinical manifestations of PE in both groups. PE-related cardiac distress was less frequent in patients with IPE compared to those with symptomatic PE (RV dysfunction: 0% vs. 18.7%, p<0.001; NT-proBNP: 1053.9 ± 2793.6 pg/mL vs. 2478.4 ± 6319.0 pg/mL, p = 0.043, respectively). Cardiac enzyme levels did not differ between the two groups. On chest CT, thromboembolism involvement of bilateral pulmonary arteries was significantly less prevalent in the IPE group than the symptomatic PE group (37.6% vs. 53.7%, p<0.001). There was no significant difference in the incidence of lung infarction between the two groups (4.6% vs. 6.6%, p = 0.378). IPE was more frequently located in the distal pulmonary artery, but this was not statistically significant. Coexisting DVT was more common in the symptomatic PE group than those in the IPE group (79.3% vs. 55.3%, p<0.001).
Treatment with anticoagulation was less frequent in the IPE group than symptomatic PE group (52.3% vs. 83.0%, p<0.001). Details on PE treatment are provided in Table 3 . Thrombolysis and surgical thrombectomy were rarely performed in patients with cancer-related PE. In multivariate Cox-regression analysis, metastatic cancer and cancer progression were independently associated with poor prognosis in IPE patients (adjusted HR with 95% confidence interval; 2.36 [1.67-3.34], p<0.001 and 2.08 [1.59-2.72], p<0.001, respectively). Administration of anticoagulants was significantly associated with reduced mortality in cancer patients Patients with IPE showed better overall survival than those with symptomatic PE (median survival 14.5 vs. 5.6 months, p<0.001) (Fig 2) . There was significant difference in overall survival between the symptomatic PE patients with and without anticoagulation (Fig 3A) . However, there was no prognostic difference in IPE patients according to the anticoagulation (Fig 3B) . Subgroup analysis was performed to determine whether this lack of treatment benefit was consistent among different clot burdens. Patients with IPE who had proximal thromboembolism demonstrated significant improvement of overall survival with anticoagulation (median survival 12.2 vs. 23.4 months, p = 0.023) (Fig 4A) . However, IPE patients with distally located thromboembolism did not show improved survival with anticoagulation ( Fig 4B) . Additionally, there was no difference of overall survival in IPE patients who had segmental or subsegmental thromboembolism (S1 Fig). Clinically relevant bleeding events occurred in 13.5% of patients who treated with anticoagulant (9.6% major bleeding and 3.9% minor bleeding, respectively).
Symptomatic VTE recurrence occurred in 3.6% of enrolled patients. There was no statistically significant difference in the rate of VTE recurrence according to presence of PE related symptoms (3.1% vs 3.8%, p = 0.780), treatment with anticoagulation (3.4% vs 3.8%, p = 0.974) or proximal PE (4.1% vs 2.8%, p = 0.471) between two groups. In patients with distal IPE, anticoagulation did not reduce the recurrent VTE compared to those without anticoagulation (3.7% vs 2.0%, p = 0.618). presentation than those with symptomatic PE. While cancer patients with proximally located IPE showed survival benefit with anticoagulation, there was no significant difference of overall survival according to the anticoagulation in those with distally located IPE. Although several small-scaled retrospective studies suggested that there is no need for anticoagulation in distal IPE, prospective trials to confirm these issues have not been conducted with ethical issues. In consistent with our data, some studies demonstrated that distal IPE was not associated with poor prognosis and had better prognosis with no anticoagulation in cancer patients [3, 10, 11] . These previous studies suggested that because distal PE is likely to arise from a small DVT, the risk of progressive or recurrent VTE without anticoagulation is expected to be lower than in patients with a larger PE. However, there were too few enrolled patients in the previous studies to draw clear consensus. Moreover, most of the previous studies were focused on subsegmental isolated IPE only [3, 10, 11] . Our data demonstrated that anticoagulation did not affect mortality in cancer-related distal IPE, which was consistent across the subgroups with segmental or subsegmental PE. Taken together, the present study, with large number of patients, is meaningful in that it provides the evidence for the needs of prospective trials to access appropriate anticoagulation therapy in cancer patients with IPE. Recent studies have reported that about 5% of patients with active cancer have IPE; among these, more than half showed filling defects in the distal pulmonary arteries [3, 11, 12] . Although IPE is commonly encountered at initial presentation for cancer or during follow up, its clinical presentation, natural course, and prognosis remain poorly understood. While symptomatic PE adversely impacts on survival among cancer patients [12] , information regarding IPE outcome is limited. In contrast to our data, some researchers have reported that distal IPE in cancer patients is not a benign condition, and rates of recurrent VTE events are comparable to those in cancer patients with symptomatic PE [13] . However, these studies did not show the survival benefit of anticoagulation in distal IPE. The number and homogeneity of enrolled patients in our trial allows more reliable and definite conclusions than the previous studies.
Our data showed that a large number of patients presented with IPE rather than the suspected PE (about 2:1), which was a higher frequency than previously reported. This was likely to be related to the increased detection rate of pulmonary emboli which attributed by high resolution CT and largely inclusion of lung cancer patients.
Although the treatment rate of IPE in cancer patients was significantly lower than in those with symptomatic PE, the treatment rate of symptomatic PE itself was also relatively low (83%). There are several possible explanations for these findings. First, the high bleeding risk associated with bone marrow suppression as well as the poor functional status of cancer patients hampers the use of anticoagulants in patients with cancer. Second, concern regarding potential interaction between anticoagulants and anticancer drugs or relatively short expected survival may cause physicians to waver in treating PE in patients with cancer. Therefore, in real world practice, the actual anticoagulation rate of IPE in cancer patients was much lower than in those with symptomatic PE, especially for distally located IPE [8] .
The reason why such clinical practices are not wrong is as follows. Firstly, although current guidelines suggest that IPE should receive similar initial and long-term anticoagulation therapy as symptomatic PE, regardless of location and extent of thrombus [7, 14] , direct evidence regarding the treatment of distally located IPE is scarce. Therefore, they described as the evidence supporting their recommendations for isolated distal IPE is low quality and management should be tailored according to risk and benefit of each patient. Secondly, the advent of CT techniques left physicians with a large volume of small burden IPEs which have completely different nature from the PE detected in early studies. Our data included relatively large number of untreated patients with distal IPE compared to the previously reported data; nevertheless, mortality from PE or VTE recurrence was very rare in this group. Given the debate regarding the clinical relevance of distal IPE, the clinical significance and management of distal IPE should be reconsidered. We believe that our findings provide evidence to plan future randomized studies on the effectiveness and safety of anticoagulation versus no intervention in cancer patients with IPE under the careful monitoring.
Study limitation
The current study has some limitations. First, this was a single-center observational study; thus, our results might be subject to unrecognized confounding factors. Although we performed multivariate analysis and adjusted for several potential confounding factors, we could not correct for unmeasured or unobserved variables. Second, this study was retrospective. However, a randomized controlled trial comparing PE with and without treatment has been deemed unethical because of the belief that PE left untreated is fatal. The only randomized trial that left PE patients without anticoagulation aborted prematurely because of markedly increased mortality without treatment. Despite retrospectively collected data, a large number of patients was the strength of our study. Lastly, our primary outcome only includes all-cause mortality rather than PE specific outcomes such as mortality due to PE and symptomatic VTE recurrence. Addition of these PE related outcomes to survival analysis would have provided more clinically meaningful insights about cancer related PE. However, small number of events prohibited us from drawing any conclusion on PE specific outcome with or without treatment from this retrospective study.
Conclusions
In cancer patients who were diagnosed with IPE, the overall survival was different according to the embolic burden and anticoagulation therapy. Our data support the need for future prospective studies to identify which groups of cancer patients require anticoagulation treatment. 11. den Exter P.L., Kroft L.J., van der Hulle T., Klok F.A., Jimenz D., Huisman M.V., Embolic burden of incidental pulmonary embolism diagnosed on routinely performed contrast-enhanced computed tomography imaging in cancer patients. J Thromb Haemost, 2013. 11 (8) 
Supporting information
